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Abstract: Rice leaffolder, Cnaphalocrocis medinalis, is one of the major foliage feeders found in the rice 
growing regions in India. When the crop was at maturity, numerous adults of rice leaffolder were found 
in the rice fields though the larval population gradually decreased, and no eggs were found on rice leaves. 
The population characteristics of C. medinalis were assessed based on the physiological age status of 
adults at different crop growth stages. Based on egg development within ovarioles, ovariole appearance, 
number and colour of fat bodies, and characteristics of bursa copulatrix, physiological age status of the adults 
was described, which served as a basis for the determination of age composition. C. medinalis adults were 
found during the first week of August on rice plants, of which 44% were in Age 0 with immature ovaries, 
indicating immigrants. However, 28% adults each were at Ages 1–2 with developing ovaries, indicating 
local breeding population. The carryover and off-season survival of C. medinalis were also studied to 
determine the contribution of the alternative hosts in the population growth that helped in devising efficient 
management strategies. Rice was the most preferred host followed by Triticum aestivum, Echinochloa 
crusgulli and Brachiaria plantaginea. Various routes of the carryover of C. medinalis from season to 
season were discussed. 
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In recent years, rice leaffolder, Cnaphalocrocis 
medinalis Guenée, is found in all the rice growing 
regions in India and has emerged as one of the major 
insect pests of rice. Large scale cultivation of 
susceptible high yielding varieties, and injudicious 
application of nitrogenous fertilizers and pesticides 
have led to an increase in C. medinalis populations, 
resulting in outbreaks in many Asian countries 
including India (Khan et al, 1988; Barrion et al, 1993; 
Shanmugam et al, 2006; Kaushik, 2010).  
C. medinalis is a major migratory pest in many 
South Asian countries (Riley et al, 1995; Qi et al, 2011). 
Outbreaks of rice leaffolder infestations have been 
reported in China, India, Pakistan, Japan, Korea, Malaysia, 
Sri Lanka and Vietnam (Khan et al, 1988). The Indo-
Chinese peninsula serves as the source of leaffolder 
population that migrates annually during April and 
May to the south of mainland China, where those moths 
complete three to four generations before subsequently 
expanding northward during June and July. Throughout 
late August to early September, C. medinalis migrates 
back southward and leaves China by November. 
Leaffolder migration is a key factor that induces the 
population abundance and infestation (Li et al, 2012). 
In India, the increased incidence of rice leaffolder has 
been noted in different states, and reports on the 
occurrence have been highly variable by location and 
year (DRR Progress Reports, 2005–2013). However, 
studies on C. medinalis migration are lacking in India. 
The larvae of C. medinalis feed on young rice 
leaves during the tillering stage or on flag leaves 
during the booting to heading stages. The damaged 
plants have a considerable ability to compensate 
during the tillering stage, however, damage to flag leaf 
results in considerable yield loss (Fabellar et al, 1994). 
During the outbreak period, yield reduction of 30%–
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80% was reported from severely damaged fields 
(Kushwaha, 1988). Larval densities at more than three 
larvae per hill at the maximum tillering stage results in 
20% unfilled grains, and for every 10% increase in 
flag leaf area damage, there is 3% increase in unfilled 
grains (Padmavathi et al, 2013). 
In India, rice is grown in almost all the states. There 
are mainly two rice seasons every year viz., Kharif 
(wet season) and Rabi (dry season). Wet season starts 
from May to June and ends by November to December 
whereas dry season starts from November to December 
and ends by March to April. In the southern states 
including Tamil Nadu, Kerala, Karnataka and Andhra 
Pradesh, and the eastern states including Orissa, West 
Bengal and Assam, rice is grown throughout the year 
in two seasons (double cropped areas). In the northern 
part of the country comprising of Punjab, Haryana, 
Uttar Pradesh, Madhya Pradesh, Bihar, Rajasthan, 
Jammu and Kashmir where rice-wheat cropping system 
is followed, rice is restricted to wet season only 
(single cropped areas).  
C. medinalis completes three to four generations 
during wet season and two to three generations during 
dry season in double cropped areas. It survives on a 
number of weeds during the off-season (Khan et al, 
1988, 1996). However, in both seasons, when rice is at 
maturity, numerous adults of C. medinalis can be 
found in the fields. The present study was conducted 
to examine the physiological status of C. medinalis 
adults presented at the maturity stage of the crop and 
also during different crop growth stages. Moreover, 
the carryover and off-season survival of C. medinalis 
were also studied to determine the contribution of the 
alternative hosts in the population growth that helps in 
devising efficient management strategies. 
MATERIALS AND METHODS 
Physiological age status 
Greenhouse study 
C. medinalis culture was maintained on Taichung 
Native 1 (TN1) rice plants under greenhouse conditions, 
(25 ± 5) °C temperature and 60% ± 10% relative 
humidity, at Directorate of Rice Research (DRR), 
Rajendranagar, Hyderabad, India. From this culture, 
pupae were collected and placed individually in test 
tubes for adult emergence. Newly emerged adults 
were collected, paired and released in wooden cages 
(97 cm × 66 cm × 86 cm) having TN1 rice plants and 
fed with 20% honey solution. Starting from the date of 
emergence till death, five female individuals were 
dissected daily under a compound microscope attached 
with a camera (OLYMPUS SZ2) and morphological 
features were recorded. This was replicated four times. 
This study served as a basis for the determination of 
age status of field collected adults. 
Field study 
Adults were collected from rice fields of DRR, and 
females were segregated and dissected to assess the 
physiological age at different crop growth stages, 
especially at the harvest stage. Twenty five female 
adults were dissected at each crop growth stage and 
compared with the morphological features observed in 
greenhouse study to know the physiological age of the 
adults existing in the crop fields.  
Off-season survival and carryover  
Most commonly found graminaceous weeds and crops 
in and around the rice fields of DRR, where leaffolder 
damage was observed, were collected from the fields 
and grown in pots in the greenhouse. C. medinalis 
adults were collected from the rice plants which were 
about to be harvested and kept for oviposition on TN1 
rice plants in the greenhouse providing with 20% honey 
solution. Eggs laid were allowed for hatching. The 
first instar larvae were used for this experiment. Leaves 
from weeds and crops were collected and cut into 
pieces of 5 cm leaf bits which were placed in a Petri 
dish (9 cm diameter) lined with filter paper. Five 1st 
instar larvae per Petri dish were released and ten such 
replications were maintained. A control was maintained 
with rice leaves for comparison. Feed was replaced on 
alternate day. Observations on larval survival, number 
of larvae developed into pupae and number of adults 
emerged from pupae were recorded. From the data, 
pupation percent was deduced. Adults emerged were 
paired and kept for oviposition on respective weeds or 
crop plants covered with cylindrical mylar cage (45 
cm height and 14 cm diameter). Five pairs of adults 
were used for oviposition study, considering each pair 
as one replication. Finally growth index was computed 
(Saxena et al, 1974; Khan et al, 1989).  
Data analysis 
Data on growth and development of C. medinalis on 
different host plants included parameters such as 
survival days, larval duration, fecundity per female 
and growth index. The data were subjected to analysis 
of variance after suitable transformation (SAS 
Institute Inc., 2008). All values were represented as 
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RESULTS 
Physiological age status of females of C. medinalis 
Greenhouse study 
Newly emerged (0–24 h old) females, 1–8 d after 
mating, were collected from greenhouse cage and 
dissected. Females dissected were described based on 
egg development within ovarioles, ovariole appearance, 
characteristics of bursa copulatrix and number and 
colour of fat bodies (Table 1). Each female has two 
ovaries at four ovarioles per ovary. In unmated females 
(Age 0), ovarioles were long, coiled, thread like and 
transparent. These were surrounded by numerous fat 
bodies that were bright yellow in colour (Fig. 1). One-
day-old mated females (Age 1) also showed similar 
features except that the segmentation of ovarioles was 
clearly distinct, indicating initiation of egg development. 
In two-day-old mated females (Age 2), ovarioles 
could not be stretched due to the deposition of yolk 
and hence indicated as ‘yolk deposition stage’. In 
three-day-old mated females (Age 3), egg development 
was complete and eggs were seen in lateral oviducts 
moving towards median oviduct. In four-day-old 
mated females (Age 4), egg development was over in 
more than half of the ovarioles and egg deposition was 
observed. In five- (Age 5) and six- (Age 6) day-old 
Table 1. Morphological features of ovary development in female adults of different ages of rice leaffolder, C. medinalis. 
Age Ovariole shape 
Shape and colour of eggs 
in calyx 
Description of bursa copulatrix 





Long, fully coiled, membranous and 
transparent in nature with ovariole 
length of about 12.67 mm when coiled 
and 27.83 mm when stretched; thread 
like slight differentiation towards 
calyx; difficult to stretch; delicate and 
transparent; lateral and median 
oviducts are very long 
No eggs were found Transparent, membranous in 
nature, highly delicate; glandular 
tube is soft 
Ovoid to elliptical in shape; 
bright yellow; numerous in 
number surrounding the 
ovaries; filaments 





Linear; slender; can be stretched; 
segments clearly distinct upto 3/4 of 
the ovariole with the ovarioles of about 
17.17 mm long 
Slight yolk deposition; 
contents translucent in 
nature 
Membranous with milky white 
contents inside 
Ovoid to ellipitical in shape; 
numerous in number; bright 
yellow surrounding the 
ovaries; filaments of fat 
body are very prominent 
Two-day-old  
(Age 2) 
Ovarioles cannot be stretched; 
ovarioles are long, heavy deposition of 
yolk and all the four ovarioles are 
clumped closely and are difficult to 
separate; ovariole length of about 
22.82 mm 
Heavy yolk deposition;  
egg shape is distinct and 
elliptical  
Well developed with milky white 
contents inside filling 3/4 of bursa 
copulatrix; gland and its filament 
well developed but not completely 
covering the bursa copulatrix 
Bright yellow ovoid to 
elliptical; fat body depletion 
initiated; fat body filament 
prominent; more fat bodies 
in the lower end 
Three-day-old  
(Age 3) 
Elongated clumped due to heavy 
deposition of yolk; difficult to stretch 
with ovariole length of about 24.96 mm 
Elliptical, seen in both 
lateral oviducts 
Completely developed; completely 
filled with milky white contents; 
glandular tube is prominent 
Moderate to heavy in 
number; consumption/ 
depletion has begun 
Four-day-old  
(Age 4) 
Elongated with distinct segmentation 
throughout; ovarioles can be easily 
separated and stretched with length of 
about 25.67 mm; more than half of the 
ovarioles were deposited with yolk 
Elliptical fully developed; 
eggs are seen in lateral 
oviducts 
Slight hard filled with milky 
contents; glandular filament 
surrounded the bursa (not so  
milky white) 
Moderate in number; light 
yellow in colour; many fat 
body cells have depleted 
Five-day-old 
(Age 5) 
Long, easy to straighten, full of eggs 
with continued yolk deposition; 
ovariole length of about 22.00 mm 
Ovoid and yellow Hard with gland and its filament 
fully developed; depletion of 
internal white contents  
Fat bodies few in number; 
light yellow in colour 
Six-day-old  
(Age 6) 
Full of yolk deposition near to the tip; 
easy to straighten with length of about 
16.72 mm; looked like a clump due to 
yolk deposition 
Elliptical and yellow; eggs 
found in lateral and  
median oviduct 
Bursa hard and thickened; milky 
white contents in 3/4 of bursa;  
oily droplets found 
Sparse, few and light yellow 
in colour; most of them 
depleted 
Seven- and eight- 
day-old 
(Ages 7 and 8) 
Ovarioles highly constricted with length 
of about 11.36 mm; formed to a mass 
Very few eggs elliptical in 
shape 
Hard and thickened; gland is 
brown in colour with depleted 
contents 
Completely exhausted; no 
fat bodies 
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females, eggs were found in lateral and median 
oviducts. Egg development was at peak and hence 
known as ‘peak deposition or development stage’. 
Few fat bodies were only found due to the depletion. 
In seven- and eight-day-old females (Ages 7 and 8), 
ovarioles formed into a mass, and bursa was hard and 
thickened. Fat bodies were completely exhausted.  
Field study 
During wet season in 2012, C. medinalis adults were 
found in the first week of August (at early tillering 
stage). These adults seen initially were a mixed 
population of 44% in Age 0 and 28% each in Ages 1 
and 2, respectively. This formed the initial generation. 
As the crop growth advanced, adults were found in 
Age 3 (12%), Age 4 (48%) and Age 5 (40%) with egg 
development and peak deposition stages. At the 
panicle initiation stage, the maximum adult percent 
was found in peak egg deposition stages (Ages 5 and 
6). Larvae at various stages were observed causing 
damage in the fields during this stage. At the pre-
harvest stage, numerous adults were found in various 
ages (Fig. 2), but egg laying was not observed either 
in the rice fields or in the surrounding alternative hosts. 
However, there was egg laying when those adults 
were brought to the greenhouse and provided with a 
suitable host plant. 
Off-season survival and carryover 
C. medinalis survived and completed its development 
on 3 crop species viz., rice, wheat, fodder sorghum 
and 9 weed species (Table 2). Among these alternative 
host plants, larvae pupated were significantly higher 
on rice, followed by T. aestivum, E. crusgulli and B. 
mutica (Table 2). Larval period was significantly 
longer on L. hexandra (21.0 d) that was at par with S. 
bicolor and T. aestivum, and was shorter on E. 
crusgulli (14.0 d) compared to rice (18.0 d). Number 
of eggs laid was significantly higher on rice, followed 
by E. crusgulli and D. ciliaris. Growth index was 
significantly higher on rice, followed by E. crusgulli 
and B. mutica. The lowest growth index was observed 
on L. hexandra, followed by D. ciliaris and S. 
verticillata (Table 2). C. medinalis larvae survived for 
a few days on fodder grasses and maize. Larvae fed 
and survived for 10 d till the third instar on maize 
followed by 5 d on P. maximum. Larvae survived for 
Fig. 1. Physiological age status of rice leaffolder, C. medinalis.  
Fig. 2. Physiological age composition of females at different stages 
of crop growth. 
A, Early tillering stage; B, Maximum tillering stage; C, Panicle 
initiation stage; D, Pre-harvest stage. 
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2 d on other fodder grass species (Fig. 3). 
DISCUSSION 
C. medinalis population was found increasing with the 
advance in generations at different stages of crop 
growth. C. medinalis completed three generations 
during wet season i.e., from August to November 
while it completed two generations during dry season 
i.e., February to May. When rice crop was about to be 
harvested in both the seasons, numerous adults were 
found in the rice fields but the larval population 
gradually decreased and no eggs were found on rice 
leaves. In the present study, the physiological age 
composition of C. medinalis adults was assessed 
during different stages of crop growth including the 
pre-harvest stage.  
Physiological age composition of females 
Initially during wet season, C. medinalis adults were 
found neither in the rice nursery, planted field nor in 
the neighbouring alternative hosts. However, at the 
early tillering stage, the first appearance of immigrant 
adults was noticed during the first week of August in 
the planted rice fields, of which 44% were in Age 0 
with immature ovaries and 28% each in Ages 1 and 2 
with slightly developing ovaries. This formed the 
initial immigrant population, confirming the report by 
Zhang et al (1981) who also found that immigrants of 
C. medinalis had little or no ovarian development. As 
the crop growth stage advanced, more percent of adults 
were found in peak egg development and deposition 
stages, resulting in increase in the egg deposition and 
damage in the fields. Though numerous adults were 
found in the rice crop at various physiological ages at 
the pre-harvest stage (Fig. 2), no eggs were observed 
either on rice plants or on alternative host plants. 
When those adults were collected and provided with 
suitable rice plant (30-day-old TN1) and honey solution 
in the greenhouse, egg deposition was observed. 
Similar observation was reported by Wada and Shimazu 
(1978) in Kyushu, southwest Japan wherein many 
moths still inhabited the paddy fields after mid-
Table 2. Growth and development of C. medinalis on different host plants. 
Plant name Survival (%) a Larval duration (d)  Fecundity/female  Growth index b 
Rice (Oryza sativa L.) 92.0 ± 3.3 a 18.0 ± 0.4 cd 211.6 ± 3.3 a 5.1 ± 0.1 a 
Fodder sorghum [Sorghum bicolor (L.) Moench] 52.0 ± 3.3 d 20.0 ± 0.2 ab - 2.6 ± 0.2 gh 
Wheat (Triticum aestivum L.) 72.0 ± 3.3 b 20.0 ± 0.2 ab - 3.6 ± 0.1 cd 
Barnyard grass [Echinochloa crusgalli (L.) Beauv] 64.0 ± 2.6 bc 14.0 ± 0.3 g 151.0 ± 1.4 b 4.6 ± 0.1 b 
Knot grass (Paspalum distichum L.) 52.0 ± 3.3 d 15.0 ± 0.3 fg 101.0 ± 4.4 d 3.5 ± 0.2 de 
Viper grass [Dinebra retroflexa (Vahl) Panz.] 36.0 ± 2.7 e 16.0 ± 0.2 ef 16.0 ± 0.8 h 2.2 ± 0.2 h 
 Crab grass [Digitaria ciliaris (Retz.) Koeler] 8.0 ± 3.3 f 18.0 ± 0.1 cd 114.0 ± 2.6 c 1.1 ± 0.1 ij 
Para grass [Brachiaria mutica (Forssk.) Stapf.] 64.0 ± 2.7 bc 16.2 ± 1.1 e 55.0 ± 1.1 f 4.0 ± 0.1 c 
Alexander grass [Brachiaria plantaginea (Link) Hitchc] 56.0 ± 4.9 cd 19.0 ± 0.2 bc 35.0 ± 1.7 g 2.9 ± 0.2 fg 
Cut grass (Leersia hexadra Sw.) 8.0 ± 3.3 f 21.0 ± 0.6 a 21.0 ± 1.6 h 0.9 ± 0.0 j 
Bristley fox tail (Setaria verticillata (L.) P. Beauv.) 16.0 ± 5.0 f 17.3 ± 0.4 d 85.0 ± 2.6 e 1.5 ± 0.2 i 
Bristle grass [Setaria tomentosa (Roxb.) Kunth] 48.0 ± 3.3 d 15.0 ± 0.2 ef 95.0 ± 2.7 d 3.1 ± 0.2 ef 
Rattail grass [Sehima nervosum (Rottl.) Stapf] 0.0 2 c 0.0 0.0 
Napier grass/elephant grass (Pennisetum purpureum Schumach.) 0.0 1 c 0.0 0.0 
Maize (Zea mays L.) 0.0 10 c 0.0 0.0 
Spear grass [Heteropogon contortus (L.) P. Beauv. ex Roem. & Schult.] 0.0 2 c 0.0 0.0 
Guinea grass/buffalo grass (Panicum maximum Jacq.) 0.0 5 c 0.0 0.0 
Anjan grass (Cenchrus ciliaris L.) 0.0 2 c 0.0 0.0 
df 108 92 90 92 
F value 56.0 22.3 610.0 49.4 
P value < 0.0000 < 0.0000 < 0.0000 < 0.0000 
All values are mean ± SE; Means followed by different letters in the column are statistically different by LSD (P ≤ 0.05). 
a Percent of the first instar larvae developed into adults; b Growth index = Percent of the first instar larvae developed into pupae / Larval duration; 
c Larvae survived for few days only but can not complete its life cycle. 
Fig. 3. Larval survival days of C. medinalis on fodder grasses and 
maize. 
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September, the larval density decreased gradually and 
very few eggs were found on rice leaves. This shows 
that the unavailability of suitable stage of the rice 
plant in the fields and lack of adult nutrition are the 
main causes for the absence of eggs on host plants in 
spite of the presence of numerous adults at the pre-
harvest stage of the crop. Those adults in Ages 1 to 4 
were active and none was found dead. Dispersal is the 
only survival mechanism available to explain the 
movement of this adult population in the fields. 
Similar seasonal changes of mated females in field 
population of rice leaffolder in Kyushu, Japan were 
reported by Wada et al (1980). They classified ovary 
developmental stages into four grades and reported 
high proportions of mated females from June to early 
September followed by decline up to mid-October. In 
our study, we also found C. medinalis adults with 
developed ovariess indicating large proportion of mated 
females during the maximum tillering and panicle 
initiation stages (August–October). Huang et al (1981) 
grouped ovaries into five developmental stages to 
determine characteristics of migratory phase. In the 
present study, for assessing the physiological age status 
of C. medinalis adults at different crop growth stages, 
we characterized the morphological features to get a 
clear picture of reproductive development. This will 
be useful in predicting the population characteristics 
of adults essential for the development of forecasting 
system and devising management strategies. 
Survival and carryover of C. medinalis 
In our study, we observed immigrants during first 
week of August that were in Ages 0 to 2. Thereafter, 
adults in peak egg deposition stage (Ages 5 and 6) 
increased and the first generation was initiated. As the 
tillering increased in rice crop and growth continued, 
more adults were observed in Ages 4 to 6 with 
continuous egg deposition. However, in November, 
when the crop was at the pre-harvest stage, most of 
the larvae pupated resulting in the emergence of 
numerous adults. Majority of these adults were in 
Ages 1 and 2, whose survival and carryover are illustrated 
in Fig. 4. Similarly during dry season, at the pre-
harvest stage in May, many adults were found in Ages 
0 to 2. Presence of those numerous mated females at 
the pre-harvest stage in both the seasons indicated 
mass dispersal or migration of moths (Wada et al, 
1980; Wada and Kobayashi, 1982). Though studies on 
migration aspects of rice leaffolder are lacking in 
India, there are reports from other countries indicating 
that C. medinalis is a high-altitude, nocturnal, windborne 
migrant, with large numbers of moths taking-off at 
dusk and flying continuously for several hours (Riley 
et al, 1995; Zhou et al, 1995; Wang et al, 2010; Qi 
et al, 2011). Long distance migration of C. medinalis 
was reported in the Southeast Asian countries such as 
China and Japan (Chang et al, 1980; Zhang et al, 1981; 
National Coordinated Research Team on Rice Leaf 
Roller, 1981; Riley et al, 1995; Inoue et al, 2004; Luo, 
2010; Wang et al, 2010; Fu et al, 2014). 
Adult migration is induced by changing photoperiod, 
temperature and nutritional status in insects (Wu, 
1985). Migratory behavior in insects exhibits a close 
association with reproductive development in females 
and migration often occurs during pre-reproductive 
stage of adults, known as the oogenesis-flight syndrome 
(Johnson, 1963). Fu et al (2014) observed high proportion 
of mated females and a degree of ovarian development 
in the immigrant population, suggesting that the migration 
of C. medinalis is not completely bound by the 
oogenesis flight syndrome. Wada et al (1980) reported 
that in case of female leaffolder adults, ovarian maturation 
was accelerated by feeding on sugar. The sources of 
sugar in the fields are not known, but evidence was 
shown that they can utilize honeydew produced by 
Nilaparvata lugens (Waldbauer et al, 1980). In the 
present study, C. medinalis adults collected at pre-
harvest laid eggs in the glasshouse, when provided with 
honey solution along with a rice plant of suitable stage.  
Alternative hosts of C. medinalis 
A number of graminaceous weed species were reported 
as alternative hosts of C. medinalis (Khan et al, 1988, 
1996). In the present study, weed and crop species 
Alternate hosts 
Wild rice 
Left over nurseries 






Fig. 4. Routes of carryover of C. medinalis. 
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presented around our research farm were surveyed for 
the presence of various stages of rice leaffolder and 
evaluated for off-season survival to know about the 
carryover of the leaffolder population. C. medinalis 
survived and developed on 3 crops and 9 weed species, 
of which rice was the most preferred host, followed by 
T. aestivum, E. crusgulli and B. plantaginea. Growth 
index was also highest on rice, followed by E. crusgulli 
and B. mutica. C. medinalis can survive for few days 
on maize and fodder grasses but could not complete 
its life cycle, indicating that those act only as partial 
hosts (Fig. 3). Though many entomologists in China 
and Japan (Shono and Hirano, 1989; Park et al, 2006; 
Liao et al, 2012) successfully mass cultured C. medinalis 
on maize seedlings, in our study, larvae survived only 
till the third instar which might be due to the use of 
leaves of 35–40 d old maize plants grown in the 
greenhouse. This study confirmed that C. medinalis 
moved from rice crop to weeds when rice was harvested 
and then to rice crop when it was planted again. However, 
various stages of C. medinalis found on surrounding 
alternative hosts were not corresponding to the adults 
found in the rice fields, indicating other ways of carryover 
(Fig. 4). In our farm, we observed leaffolder damage 
in fallow nurseries (Ravi) during 2009 in July. Similar 
studies reported that C. medinalis can also survive on 
fallow nurseries and wild rice (Khan et al, 1989).  
CONCLUSIONS 
In the present study, we characterized the physiological 
age status of female adults of C. medinalis, a major 
rice foliage feeder in India. Based on the egg 
development, ovariole appearance, characteristics of 
fat bodies and bursa copulatrix, we determined the age 
status at different stages of crop growth. Presence of 
numerous adults in Ages 1–8 at the pre-harvest stage 
as well as observation on off-season survival indicated 
that carryover of C. medinalis population takes place 
via alternative hosts, wild rice, fallow nurseries and 
migration. As the migratory behavior in insects is 
closely associated with reproductive development in 
females, the present findings will aid in further studies 
on migration of C. medinalis. This information is also 
useful in the development of a forecasting system to 
predict leaffolder activity in the rice fields. 
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